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(57) ABSTRACT 

A two-dimensional image detector of the present invention 
includes: an active matrix substrate equipped With charge 
storage capacitors and TFTs; and an opposing substrate 
equipped With a semiconductor substrate. The tWo 
dimensional image detector is formed by adhering the active 
matrix substrate and the opposing substrate to each other 
With an anisotropic conductive adhesive agent. With this 
structure, since a semiconductor layer is not required to be 
deposited on the active matrix substrate Where the TFTs are 
already formed, it is possible to use CdTe, CdZnTe, etc. The 
use of CdTe, CdZnTe, etc. as a material of the semiconductor 
layer having photoconductivity alloWs the two-dimensional 
image detector to shoW good response and to deal With the 
dynamic images. 

59 Claims, 9 Drawing Sheets 
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TWO-DIMENSIONAL IMAGE DETECTOR 
AND PROCESS FOR MANUFACTURING 

THE SAME 

FIELD OF THE INVENTION 

The present invention relates to a tWo-dimensional image 
detector for detecting an image by radiation such as X-rays, 
visible light, infrared light, etc., and a process for manufac 
turing such a tWo-dimensional image detector. 

BACKGROUND OF THE INVENTION 

A device conventionally knoWn as a tWo-dimensional 
image detector for detecting an image by radiation has such 
a structure that semiconductor sensors for sensing X-rays to 
generate charges (electrons-holes) are tWo-dimensionally 
disposed, and electric sWitches are provided for the respec 
tive sensors so as to read out the charges of the sensors 
column by column by sequentially turning on the electric 
sWitches roW by roW. The speci?c structure and the principle 
of the tWo-dimensional image detector are described in, for 
example, references: D. L. Lee, et al., “A NeW Digital 
Detector for Projection Radiography”, SPIE, 2432, pp. 
237—249, 1995; and L. S. Jeromin, et al., “Application of 
a-Si Active-Matrix Technology in a X-Ray Detector Panel”, 
SID 97 DIGEST, pp. 91—94, 1997; and Japanese Publication 
of Unexamined Patent Application No. 342098/1994 
(Tokukaihei 6-342098). 

The folloWing descriptions Will explain the structure and 
principle of the conventional tWo-dimensional radiation 
image detector mentioned above. FIG. 8 is a depiction of the 
structure of the tWo-dimensional radiation image detector. 
FIG. 9 is a depiction of the cross section shoWing the 
structure of each pixel of the tWo-dimensional radiation 
image detector. 
As shoWn in FIGS. 8 and 9, the tWo-dimensional radiation 

image detector includes an active matrix substrate having a 
glass substrate 51 on Which XY matrix-form electrode 
Wiring (gate electrodes 52 and source electrodes 53), TFTs 
(thin ?lm transistors) 54, and charge storage capacitors (Cs) 
55, etc. are formed. On the almost entire surface of the active 
matrix substrate, a photoconductive ?lm 56, a dielectric 
layer 57, and a top electrode 58 are formed. 

The charge storage capacitor 55 includes a Cs electrode 
59 and a pixel electrode 60 connected to a drain electrode of 
the TFT 54, arranged so that the Cs electrode 59 faces the 
pixel electrode 60 through an insulating ?lm 61. 

The photoconductive ?lm 56 is formed by a semiconduc 
tor material for generating charges on exposure to radiation 
such as X-rays. According to the above references, amor 
phous selenium (a-Se) having a high dark resistance and 
shoWing satisfactory photoconduction characteristics on 
exposure to X-ray irradiation is used. The photoconductive 
?lm 56 is formed by a vacuum evaporation method to have 
a thickness ranging from 300 to 600 pm. 
As the above-mentioned active matrix substrate, an active 

matrix substrate formed in the process of manufacturing a 
liquid crystal display device can be utiliZed. For example, an 
active matrix substrate used for an active-matrix type liquid 
crystal display device (AMLCD) includes TFTs formed by 
amorphous silicon (a-Si) or poly-silicon (p-Si), XY matrix 
electrodes, and charge storage capacitors. Therefore, by only 
slightly changing the design, the active matrix substrate 
formed in the process of manufacturing the liquid crystal 
display device can be easily utiliZed as the active matrix 
substrate for use in the tWo-dimensional radiation image 
detector. 
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2 
Next, the folloWing descriptions Will explain the opera 

tional principle of the tWo-dimensional radiation image 
detector having the above-mentioned structure. 
When the photoconductive ?lm 56 is exposed to 

radiation, charges are generated in the photoconductive ?lm 
56. As shoWn in FIGS. 8 and 9, since the photoconductive 
?lm 56 and the charge storage capacitor 55 are electrically 
connected in series, When a voltage is applied across the top 
electrode 58 and the Cs electrode 59, the negative and 
positive charges generated in the photoconductive ?lm 56 
move toWard the anode side and the cathode side, respec 
tively. As a result, the charges are accumulated in the charge 
storage capacitor 55. Note that a charge blocking layer 62 as 
a thin insulating layer is formed betWeen the photoconduc 
tive ?lm 56 and the charge storage capacitor 55, and 
functions as a blocking-type photodiode for blocking the 
How of the charges from one side. 

With this function, the charges accumulated in the charge 
storage capacitors 55 can be taken out via source electrodes 
S1, S2, S3, . . . , Sn by setting the TFTs 54 to the open state 
in accordance With input signals of gate electrodes G1, G2, 
G3, . . . , Gn. Since the gate electrodes 52, the source 

electrodes 53, the TFTs 54, the charge storage capacitors 55, 
etc. are all provided in the XY-matrix form, X-ray image 
information can be obtained tWo-dimensionally by sequen 
tially scanning the signals inputted to the gate electrodes G1, 
G2, G3, . . . , Gn line by line. 

If the photoconductive ?lm 56 used in the above tWo 
dimensional image detector shoWs photoconductivity With 
respect to visible light and infrared light as Well as radiation 
such as X-rays, the tWo-dimensional image detector also 
functions as a tWo-dimensional image detector for detecting 
an image by visible light and infrared light. 

HoWever, in the above conventional structure, a-Se is 
used as the photoconductive ?lm 56. The response of a-Se 
is not good because the photocurrent produced by a-Se has 
distributed conduction characteristics typical of amorphous 
materials. Further, since the sensitivity (S/N ratio) of a-Se to 
X-rays is not suf?cient, information cannot be read out until 
the charge storage capacitors 55 are fully charged by long 
time irradiation With X-rays. 

In addition, the dielectric layer 57 is provided betWeen the 
photoconductive ?lm 56 and the top electrode 58 for reduc 
tion of the leakage current (dark current) and protection 
from the high voltage. Since the charges remain in the 
dielectric layer 57, a sequence for removing the remaining 
charges every frame must be added, thereby causing such a 
problem that the tWo-dimensional image detector can be 
utiliZed for only shooting static images. 

MeanWhile, in order to obtain image data corresponding 
to dynamic images, it is necessary to use the photoconduc 
tive ?lm 56 made of a crystalline (or polycrystalline) pho 
toconductive material having excellent sensitivity (S/N 
ratio) to X-rays in place of a-Se. When the sensitivity of the 
photoconductive ?lm 56 is improved, the charge storage 
capacitors 55 can be suf?ciently charged even by short-time 
irradiation With X-rays, and the application of a high voltage 
to the photoconductive ?lm 56 becomes unnecessary, 
thereby eliminating the need for providing the dielectric 
layer 57. As a result, adding the sequence for removing the 
remaining charges every frame is not required, thereby 
making it possible to shoot dynamic images. 

Photoconductive materials knoWn to have excellent sen 
sitivity to X-rays are CdTe, CdZnTe, etc. In general, X-ray 
photoelectric absorption of a material is proportional to the 
?fth poWer of the effective atomic number of the absorbing 
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material. For example, provided that the atomic number of 
Se is 34 and the effective atomic number of CdTe is 50, 
about 6.9-times improvement in sensitivity can be expected. 
HoWever, When using CdTe or CdZnTe as the photoconduc 
tive ?lm 56 of the tWo-dimensional radiation image detector 
instead of a-Se, the following problem arises. 

In the conventional case of using a-Se, the vacuum 
evaporation method can be employed as the method for 
depositing the ?lm, and the ?lm can be deposited at room 
temperatures. Thus, the ?lm deposition on the active matriX 
substrate Was easy. MeanWhile, in the case of using CdTe 
and CdZnTe, the MBE method and the MOCVD method are 
knoWn as methods for depositing the ?lm, and particularly, 
the MOCVD method is suitable, considering deposition of 
the ?lm over the large-area substrate. 

HoWever, the deposition of CdTe or CdZnTe by the 
MOCVD method requires a high temperature of about 400° 
C., because thermal decomposition of organic cadmium 
(DMCd) as a raW material occurs at about 300° C., and 
thermal decomposition of organic telluriums (DETe and 
DiPTe) as raW materials occurs at about 400° C. and 350° C., 
respectively. 

Generally, the above-mentioned TFT 54 formed on the 
active matriX substrate includes an a-Si ?lm or a p-Si ?lm as 
a semiconductor layer. These ?lms are deposited at tem 
peratures ranging from about 300 to 350° C. While adding 
hydrogen (H2), so as to improve their semiconductor char 
acteristics. The TFT 54 formed in this Way has a heat 
resistance up to about 300° C. Accordingly, treating the TFT 
54 at temperatures higher than 300° C. causes hydrogen to 
come out of the a-Si ?lm or the p-Si ?lm, thereby deterio 
rating the semiconductor characteristics. 

Consequently, the ?lm deposition of CdTe or CdZnTe by 
the MOCVD method on the active matriX substrate Was 
practically dif?cult in vieW of the ?lm deposition tempera 
ture. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a tWo 
dimensional image detector Which has an improved response 
and is capable of dealing With the dynamic images by using 
CdTe, CdZnTe, etc. as a material of a semiconductor layer 
having photoconductivity, and a process for manufacturing 
such a tWo-dimensional image detector. 

In order to achieve the above object, a tWo-dimensional 
image detector in accordance With the present invention is 
characteriZed in including: 

an active matriX substrate including sWitching elements 
and charge storage capacitors having piXel electrodes con 
nected to the sWitching elements; 

an opposing substrate including an electrode layer and a 
semiconductor layer having photoconductivity, the active 
matriX substrate and the opposing substrate being disposed 
so that the charge storage capacitors face the semiconductor 
layer; and 

a connection layer, disposed betWeen the substrates, for 
connecting the substrates to each other. 

According to the above structure, the active matriX sub 
strate including the sWitching elements and the charge 
storage capacitors and the opposing substrate including the 
electrode layer and the semiconductor layer are disposed so 
as to face each other, and connected to each other by the 
connection layer. Namely, since the semiconductor layer is 
electrically and physically connected to the charge storage 
capacitors through the connection layer, it is not required to 
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4 
be disposed directly on the active matriX substrate. 
Therefore, even a semiconductor material that requires the 
heat treatment at a temperature higher than the heat resis 
tance temperature of the sWitching element (temperature the 
sWitching element can resist) in the ?lm deposition step can 
be used for the semiconductor layer. 
As a result, irrespective of the heat resistance temperature 

of the sWitching element, the semiconductor material having 
eXcellent sensitivity to radiation such as X-rays, visible 
light, and infrared light can be freely chosen and used for the 
semiconductor layer. 

Furthermore, by using the semiconductor material With 
eXcellent sensitivity for the semiconductor layer, the time 
required for storing necessary charges is shortened. 
Therefore, the voltage applied to the electrode section can be 
set loWer than the conventional value. It is thus possible to 
omit the dielectric layer Which Were conventionally pro 
vided betWeen the semiconductor layer and the electrode 
section for protection from the high voltage. 
As a result, adding a sequence for removing the charges 

remaining in the dielectric layer every frame is not required, 
and detecting the dynamic images is enabled. 
MeanWhile, a process for manufacturing a tWo 

dimensional image detector is characteriZed in including the 
steps of: 

(a) preparing active matriX substrates including sWitching 
elements and charge storage capacitors having piXel 
electrodes; 

(b) preparing an opposing substrate including an electrode 
layer and a semiconductor layer shoWing photoconduc 
tivity; and 

(c) adhering the active matriX substrate and the opposing 
substrate to each other With a connection layer having 
anisotropic conductivity. 

According to the above manufacturing process, the active 
matriX substrate including the sWitching elements and the 
charge storage capacitors having the piXel electrodes is 
prepared ?rst in the step (a), and the opposing substrate 
including the electrode layer and the semiconductor layer 
shoWing photoconductivity is prepared in the step Then, 
in the step (c), the active matriX substrate is connected to the 
opposing substrate With the connection layer having aniso 
tropic conductivity. In this manner, the semiconductor layer 
is formed not on the active matriX substrate but on the 
opposing substrate, and then electrically and physically 
connected to the active matriX substrate through the con 
nection layer having anisotropic conductivity. Therefore, the 
semiconductor layer can be formed by using the material 
Which could not be conventionally used from the vieWpoint 
of the heat resistance temperature of the sWitching element, 
i.e., the semiconductor material Which requires the heat 
treatment at a high temperature in the ?lm deposition step. 
As a result, the semiconductor material having eXcellent 

sensitivity to radiation such as X-rays and light such as 
visible light and infrared light can be freely chosen and used 
for the semiconductor layer. 

Furthermore, by using the semiconductor material With 
eXcellent sensitivity for the semiconductor layer, the time 
required for storing necessary charges is shortened. 
Therefore, the voltage applied to the electrode section can be 
set loWer than the conventional value. It is thus possible to 
omit the dielectric layer Which Were conventionally pro 
vided betWeen the semiconductor layer and the electrode 
section for protection from the high voltage. 
As a result, adding a sequence for removing the charges 

remaining in the dielectric layer every one frame is not 
required, and detecting the dynamic images is enabled. 
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For a fuller understanding of the nature and advantages of 
the invention, reference should be made to the ensuing 
detailed description taken in conjunction With the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional vieW schematically shoWing an entire 
structure of a tWo-dimensional image detector according to 
one embodiment of the present invention. 

FIG. 2 is a sectional vieW shoWing the structure of each 
pixel of the tWo-dimensional image detector. 

FIG. 3 is a circuit diagram shoWing an equivalent circuit 
of each pixel of the tWo-dimensional image detector. 

FIGS. 4(a) to 4(a) are explanatory vieWs shoWing the 
process of adhering an active matrix substrate and an 
opposing substrate in the tWo-dimensional image detector. 

FIG. 5 is a sectional vieW shoWing the structure of each 
pixel of a tWo-dimensional image detector of another 
embodiment of the present invention, using an active matrix 
substrate having a structure different from that of the active 
matrix substrate shoWn in FIG. 1. 

FIG. 6 is a sectional vieW shoWing the structure of each 
pixel of a tWo-dimensional image detector of still another 
embodiment of the present invention, using an opposing 
substrate having a structure different from that of the oppos 
ing substrate shoWn in FIG. 1. 

FIG. 7 is a sectional vieW shoWing the structure of each 
pixel of a tWo-dimensional image detector of yet another 
embodiment of the present invention, using an opposing 
substrate having a structure different from that of the oppos 
ing substrate shoWn in FIG. 1 or 6. 

FIG. 8 is a perspective vieW showing the structure of a 
conventional tWo-dimensional image detector. 

FIG. 9 is a sectional vieW shoWing the structure of each 
pixel of the conventional tWo-dimensional image detector. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIGS. 1 to 7, the folloWing descriptions Will 
explain embodiments of the present invention. 

Embodiment 1 

As shoWn in FIG. 1, a tWo-dimensional image detector in 
accordance With the present embodiment includes an active 
matrix substrate 1 on Which charge storage capacitors (Cs) 
4 and TFTs (thin ?lm transistors) 5 as sWitching elements are 
formed, and an opposing substrate 2 on Which connection 
electrodes 6 are formed. The active matrix substrate 1 and 
the opposing substrate 2 are adhered to each other by an 
anisotropic conductive adhesive agent 3 as an anisotropic 
conductive material. Here, the “anisotropic conductive 
material” is a generic name of materials Whose conduction 
characteristics have anisotropy. The anisotropic conductive 
adhesive agent 3 according to this embodiment is produced 
by mixing conductive particles 8 With an insulating adhesive 
agent 7. 

Next, the detailed structure of each pixel of the tWo 
dimensional image detector Will be explained With reference 
to FIG. 2. 

First, the active matrix substrate 1 includes a glass sub 
strate 9 on Which XY matrix-form electrode Wiring formed 
by gate electrodes 10 and source electrodes 11, the charge 
storage capacitors 4, the TFTs 5, etc. are formed. Namely, 
the electrode Wiring, the charge storage capacitors 4, and the 
TFTs 5 constitute a pixel array layer. 
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6 
The glass substrate 9 is a no-alkali glass substrate (for 

example, #7059 or #1737 manufactured by Corning Inc.) on 
Which the gate electrode 10 made of a ?lm of metals such as 
Ta is formed. The gate electrode 10 is obtained by depositing 
a ?lm of Ta, etc. to have a thickness of about 3000 A by 
sputter evaporation, and then patterning the ?lm to have a 
desired pattern. At the same time, a Cs electrode 12 of the 
charge storage capacitor 4 is formed. Next, an insulating ?lm 
13 made of SiNx or SiOx is deposited to have a thickness of 
about 3500 A by the CVD method. The insulating ?lm 13 
functions as a gate insulating ?lm of the TFT 5 and as a 
dielectric layer betWeen the electrodes of the charge storage 
capacitor 4. As the insulating ?lm 13, an anodic oxidation 
coating produced by anodic oxidation of the gate electrode 
10 and the Cs electrode 12 may be used in combination With 
SiNx or SiOx. 

Then, an a-Si ?lm (i layer) 14 as a channel section of the 
TFT 5 and an a-Si ?lm (n+ layer) 15 for bringing source and 
drain electrodes into contact With each other are deposited 
by the CVD method to have thicknesses of about 1000 A and 
400 A, respectively, and the ?lms are patterned to have 
desired patterns. Thereafter, the source electrode 11 and the 
drain electrode (also functioning as a pixel electrode 16), 
made of a metal ?lm of Ta, Al, etc., are formed. The source 
electrode 11 and the pixel electrode 16 are obtained by 
depositing the metal ?lms to have a thickness of about 3000 
A by sputter evaporation, and patterning them to have 
desired patterns. 

Then, an insulating protective ?lm 17 is formed so as to 
insulate and protect the area except for the opening section 
of the pixel electrode 16. The insulating protective ?lm 17 
is obtained by depositing an insulating ?lm made of SiNx or 
SiOx by the CVD method to have a thickness of about 3000 
A, and patterning it to have a desired pattern. As the 
insulating protective ?lm 17, organic ?lms made of acrylic, 
polyimide, etc. can be used in place of the insulating ?lms 
made of inorganic materials. In this manner, the active 
matrix substrate 1 is formed. 

Note that the TFT 5 having an anti-staggered structure 
including a-Si is used as the TFT element of the active 
matrix substrate 1, but the TFT element is not limited to this 
structure. Namely, p-Si or a staggered structure is also 
acceptable. In addition, the active matrix substrate 1 can be 
formed by the same process as that of the active matrix 
substrate formed in the process of manufacturing the liquid 
crystal display device. 
The opposing substrate 2 includes as a support substrate 

a semiconductor substrate (semiconductor layer) 18 having 
photoconductivity With respect to radiation such as X-rays. 
In this case, a compound semiconductor such as CdTe or 
CdZnTe is used in the semiconductor substrate 18. The 
thickness of the semiconductor substrate 18 is about 0.5 mm. 
The semiconductor substrate 18 is a substrate made of a 
crystal, and easily formed by the Bridgeman method, the 
gradient freeZing method, the travel heating method, etc. On 
one surface of the semiconductor substrate 18, particularly 
on the almost entire surface, a top electrode (electrode 
section) 19 is formed by an X-ray permeable metal such as 
Al. On the other surface of the semiconductor substrate 18, 
a charge blocking layer 20 is formed on the almost entire 
surface, and then the connection electrode 6 is formed. The 
charge blocking layer 20 is an insulating layer made of AlOx, 
and has a thickness of about 300 The connection elec 
trode 6 is formed by depositing a metal ?lm such as Ta and 
Al by sputter evaporation to have a thickness of about 2000 
A, and patterning it to have a desired pattern. The connection 
electrode 6 is formed at the position corresponding to the 
pixel electrode 16 formed on the active matrix substrate 1. 
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The tWo-dimensional image detector according to the 
present embodiment is formed by disposing the active 
matrix substrate 1 and the opposing substrate 2 obtained by 
the above process so that each of the pixel electrodes 16 
faces the connection electrode 6, ?lling the space therebe 
tWeen With the anisotropic conductive material, and adher 
ing the tWo substrates by pressure. The anisotropic conduc 
tive adhesive agent 3 is used as the anisotropic conductive 
material, Which is produced by dispersing the conductive 
particles 8 made of metal particles, etc. into the insulating 
adhesive agent 7 such as an epoxy thermosetting-type adhe 
sive agent in the form of paste, etc. As the anisotropic 
conductive adhesive agent 3, the agent Whose setting is 
facilitated by a heat treatment at about 160° C. is used. 
An equivalent circuit diagram of each pixel of the tWo 

dimensional image detector is shoWn in FIG. 3. With refer 
ence to FIGS. 2 and 3, the operational principle of the 
tWo-dimensional image detector Will be explained beloW. 
When the semiconductor substrate 18 made of CdTe or 
CdZnTe is exposed to X-rays, charges (electrons-holes) are 
generated in the semiconductor substrate 18 by the effect of 
photoconductivity. In this case, the charge storage capacitor 
4 and the semiconductor substrate 18 are connected in series 
via the pixel electrode 16, the anisotropic conductive adhe 
sive agent 3, and the connection electrode 6. Therefore, 
When a voltage is applied across the top electrode 19 and the 
Cs electrode 12, the negative and positive charges generated 
in the semiconductor substrate 18 move toWard the anode 
side and the cathode side, respectively. As a result, the 
charges are accumulated in the charge storage capacitor 4. 

The charge blocking layer 20 as a thin insulating layer is 
formed betWeen the semiconductor substrate 18 and the 
connection electrode 6, and functions as a blocking-type 
photodiode having a MIS (Metal-Insulator-Semiconductor) 
structure for blocking the injection of charges from one side. 
This function contributes to the reduction of the dark current 
generated When no X-rays come into the semiconductor 
substrate 18. Namely, When a positive voltage is applied to 
the top electrode 19, the charge blocking layer 20 blocks the 
injection of electrons from the connection electrode 6 to the 
semiconductor substrate 18. In some cases, a charge block 
ing layer is also provided betWeen the semiconductor sub 
strate 18 and the top electrode 19 so as to block the injection 
of holes from the top electrode 19 to the semiconductor 
substrate 18, thereby further reducing the dark current. 

Needless to say, other than the above-mentioned MIS 
structure, a heterojunction structure using a lamination ?lm 
of CdTe/CdS, etc., a PIN junction structure, and a Schottky 
junction structure are also acceptable as the structure of the 
blocking-type photodiode, i.e., the structure of the charge 
blocking layer 20. 
As described above, the charges accumulated in the 

charge storage capacitor 4 can be taken out of the source 
electrode 11 by setting the TFT 5 to be in the open state by 
the input signal of the gate electrode 10. Here, the electrode 
Wiring (the gate electrodes 10 and the source electrodes 11), 
the TFTs 5, the charge storage capacitors 4, and other 
members are all arranged in the XY-matrix form like the 
conventional example shoWn in FIG. 8. Therefore, X-ray 
image information can be tWo-dimensionally obtained by 
sequentially scanning the signals input to the gate electrodes 
G1, G2, G3, . . . , Gn line by line. As described so far, the 
basic operational principle of the tWo-dimensional image 
detector of the present embodiment is the same as that of the 
image detector shoWn as the conventional example. 
As mentioned above, in the tWo-dimensional image detec 

tor in accordance With this embodiment, the active matrix 
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8 
substrate 1 and the opposing substrate 2 are electrically and 
physically adhered to each other by the anisotropic conduc 
tive adhesive agent 3 produced by dispersing the conductive 
particles 8 into the adhesive agent 7. The active matrix 
substrate 1 is equipped With the lattice-form electrode 
Wiring, and a plurality of TFTs 5 and pixel electrodes 16, 
provided at the respective lattice points. The opposing 
substrate 2 is equipped With the semiconductor substrate 18 
having photoconductivity, formed on the almost entire sur 
face of the opposing substrate 2. Therefore, With this 
arrangement of the present embodiment, the restriction on 
the ?lm deposition temperature of the photoconductor due to 
the heat resistance of the active matrix substrate becomes 
less severe, Which has been a problem in the case of directly 
depositing the photoconductive semiconductor on the active 
matrix substrate as in the conventional tWo-dimensional 
image detector. As a result, it is made possible to use the 
semiconductor materials (for example, CdTe and CdZnTe) 
in the tWo-dimensional image detector, Which could not be 
conventionally deposited on the active matrix substrate 
directly. 

In this case, due to the heat resistance of the active matrix 
substrate, the temperature required for causing the 
thermosetting-type anisotropic conductive adhesive agent to 
set is restricted. HoWever, since the active matrix substrate 
usually has a heat resistance up to about 250° C., an adhesive 
agent Whose setting proceeds under such a temperature can 
be easily chosen, thereby causing no trouble in using CdTe 
or CdZnTe as the semiconductor material. 

Since CdTe or CdZnTe can be used as the semiconductor 
substrate 18 for the above-described reasons, sensitivity to 
X-rays is improved compared With the conventional tWo 
dimensional image detector using a-Se, and the dielectric 
layer is not required to be provided betWeen the semicon 
ductor substrate 18 and the top electrode 19. It is thus 
possible to obtain image data corresponding to dynamic 
images, i.e., to obtain image data at a rate of 33 msec/frame. 

Furthermore, in the tWo-dimensional image detector of 
the present embodiment, the connection electrodes 6 are 
formed on the side of the semiconductor substrate 18, Which 
side faces the active matrix substrate 1, so that the connec 
tion electrodes 6 are separately provided for the respective 
pixels in correspondence With a plurality of pixel electrodes 
16 formed on the active matrix substrate 1. Therefore, the 
pixels on the semiconductor substrate 18 of the opposing 
substrate 2 are electrically separated from each other. As a 
result, the charges generated in the semiconductor substrate 
18 by incidence of radiation or a light beam are collected on 
only the connection electrode 6 corresponding to the inci 
dence location, thereby limiting the electric crosstalk caused 
by the charges moving to the surrounding pixels. 

Furthermore, as shoWn in FIG. 2, the connection electrode 
6 having a maximum siZe Within each pixel is formed on the 
semiconductor substrate 18, and the area of the pixel elec 
trode 16 is set to be less than that of the connection electrode 
6 in each pixel. This arrangement enables ef?cient collection 
of the charges generated in the semiconductor by incidence 
of X-rays and light beams, and limits the electric crosstalk 
betWeen the adjacent pixels even When the active matrix 
substrate 1 and the opposing substrate 2 are not accurately 
placed in the correct positions in adhering the tWo substrates. 

In the present embodiment, the pixel electrode 16 Was 
arranged to have a substantially square shape Whose side 
length Was about 80 pm, and the connection electrode 6 Was 
arranged to have a substantially square shape Whose side 
length is about 120 pm. With this arrangement, a margin of 
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:20 pm Was secured in adhering the active matrix substrate 
1 and the opposing substrate 2. 

Next, the following descriptions Will explain in detail the 
anisotropic conductive adhesive agent 3 used in the present 
embodiment. Generally, the agent produced by dispersing 
the conductive particles 8 into the insulating adhesive agent 
7 is used as the anisotropic conductive adhesive agent 3. The 
conductive particle 8 available here includes metal particles 
such as Ni and Ag or these metal particles plated With Au, 
a carbon particle, a metal-?lm coated plastic particle, i.e., a 
plastic particle plated With Au or Au/Ni, a transparent 
conductive particle such as ITO, and a conductive particle 
composite plastic Which is produced by mixing Ni particles 
With polyurethane. In this embodiment, the metal-?lm 
coated plastic particle having excellent elasticity Was used 
so as to accommodate variations in thickness of the upper 
and loWer substrates (the active matrix substrate 1 and the 
opposing substrate 2). 

The adhesive agent 7 available here includes adhesive 
agents of thermosetting type, thermoplastic type, and photo 
curing type. The adhesive agent of each type has the 
folloWing characteristics. 

The thermosetting-type adhesive agent is the agent Whose 
setting is facilitated by only applying a heat treatment, and 
has various kinds such as epoxy resins, acrylic resins, and 
polyurethane. In particular, the epoxy resins having excel 
lent reliability in their heat resistance and adhesive property 
can realiZe a highly-reliable tWo-dimensional image detec 
tor. 

The thermoplastic-type adhesive agent has reversibility in 
setting and softening, and includes various kinds such as 
SBS (styrene-butadiene-styrene block copolymer), SEBS 
(styrene-ethylenebutylene-styrene block copolymer), and 
PVB (polyvinyl butyral). The adhesive agent of this type has 
such an advantage that, When de?ciency is found in either 
the active matrix substrate 1 or the opposing substrate 2 after 
the tWo substrates are once heated and adhered to each other, 
the adhesive agent 7 can be softened by heating it again, and 
the tWo substrates can be easily separated from each other. 
Namely, this adhesive agent is suitable for performing many 
reWork treatments. Note that a mixed-type adhesive agent in 
Which the thermosetting-type adhesive agent is mixed With 
the thermoplastic-type adhesive agent is used in some cases. 

As the photo-curing-type adhesive agent, acrylic resins 
are often used. The adhesive agent of this type is the agent 
Whose setting is facilitated by irradiation of light such as 
ultraviolet rays, and requires no heat treatment. Therefore, 
When adhering the active matrix substrate 1 and the oppos 
ing substrate 2, even if their thermal expansion coefficients 
are different, Warpage of the substrates and separation of 
adhered surfaces are not caused by the difference in the 
thermal expansion coefficients. It is thus possible to adhere 
the substrates having relatively large areas. 

For example, the glass substrate #1737 manufactured by 
Corning Inc. used in the active matrix substrate 1 has the 
thermal expansion coefficient of 378x10“7 (/° C.), While 
CdTe has the thermal expansion coefficient of 47x10“7 (/° 
C.) Which is different from the above value. Therefore, in 
adhering the tWo members, using the photo-curing-type 
adhesive agent requiring no heat treatment is preferable, if 
possible. In the case of using the photo-curing-type adhesive 
agent, the Cs electrode 12 and the pixel electrode 16 are 
preferably formed by transparent electrodes such as ITO. 
This is because the anisotropic conductive adhesive agent 3 
located in the gap betWeen the active matrix substrate 1 and 
the opposing substrate 2 must be irradiated With light, When 
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10 
the tWo substrates are kept adhered to each other. By 
irradiation With light incident from the active matrix sub 
strate 1 through the transparent Cs electrode 12 and pixel 
electrode 16, setting of the anisotropic conductive adhesive 
agent 3 can be facilitated. 

As described so far, the adhesive agent 7 of the above 
types to be used for the anisotropic conductive adhesive 
agent 3 can be selected depending on the uses. In the present 
embodiment, taking the adhesion strength seriously, the 
thermosetting-type adhesive agent is used. 

There are paste-type and ?lm-type anisotropic conductive 
adhesive agents 3. The paste-type adhesive agent can be 
easily applied to a large-area substrate by, for example, the 
screen printing method. The ?lm-type adhesive agent has 
excellent uniformity in its thickness, thereby easily achiev 
ing a uniform thickness of the adhesive agent even When 
adhering the large-area substrates. In this embodiment, 
although either of the types can be used, the paste-type 
adhesive agent Was adopted. 
The folloWing descriptions Will explain the speci?c 

method for adhering the active matrix substrate 1 and the 
opposing substrate 2 using the paste-type thermosetting-type 
anisotropic conductive adhesive agent 3. 

FIGS. 4(a) to 4(LD shoW the process of adhering the tWo 
substrates to each other. First, as shoWn in FIG. 4(a), the 
anisotropic conductive adhesive agent 3 is applied by the 
screen printing method to the almost entire surface of one of 
the active matrix substrate 1 and the opposing substrate 2 to 
have a thickness of about 10 pm, to Which surface the other 
of the tWo substrates is to be adhered. If the ?atness of the 
adhesive agent 7 after applied is not sufficient, it may be 
improved by a heat treatment at loW temperatures ranging 
from 50 to 60° C. 

Next, as shoWn in FIG. 4(b), the tWo substrates are 
disposed so as to face each other With a slight gap therebe 
tWeen. In this case, if the Warpage of the substrate due to its 
oWn Weight is large, it is preferred that the tWo substrates are 
supported vertically and arranged to face each other as 
shoWn in FIG. 4(b). 

Then, as shoWn in FIG. 4(c), the tWo substrates disposed 
so as to face each other are adhered to each other by heat and 
pressure by passing the substrates betWeen heat rollers 21 
from one end of the substrates. The heat rollers 21 are made 
of rubber heated to the setting temperature at Which the 
anisotropic conductive adhesive agent 3 sets (about 160° C. 
in the present embodiment). In this case, if there is a 
possibility of causing thermal cracking by abruptly heating 
the substrates, the tWo substrates may be preheated before 
subjected to roller heating, or the tWo substrates may be 
gradually heated by using heat rollers of more than tWo types 
for heating at loW and high temperatures. 

In this manner, When the adhesion treatment With heat and 
pressure is completed by passing the Whole substrates 
betWeen the heat rollers 21, as shoWn in FIG. 4(LD, the active 
matrix substrate 1 and the opposing substrate 2 are adhered 
to each other With the anisotropic conductive adhesive agent 
3. 

In the above adhering process, the anisotropic conductive 
adhesive agent 3 is applied by the screen printing method. 
Therefore, application of the adhesive agent is easy even 
When adhering the active matrix substrate 1 and the oppos 
ing substrate 2 having large areas. It is needless to say that 
printing methods other than the screen printing method, for 
example, the offset printing method may be used in the step 
of applying the anisotropic conductive adhesive agent 3. In 
addition, When using the ?lm-type anisotropic conductive 
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adhesive agent 3 in place of the paste-type anisotropic 
conductive adhesive agent 3, transferring the ?lm by the 
laminating method instead of printing is convenient. 

In this case, the diameter of the conductive particle 8 
contained in the anisotropic conductive adhesive agent 3 is 
preferably set to be substantially equal to the thickness of the 
applied adhesive agent 7. This is because the surfaces of the 
tWo substrates, Where the substrates are adhered to each 
other, are substantially ?at and have no protrusion (bump) 
formed on the electrodes. Usually, the anisotropic conduc 
tive adhesive agent 3 mentioned above is arranged to 
achieve conductivity betWeen the upper and loWer substrates 
by reducing the clearance betWeen the tWo substrates to a 
value equal to or smaller than the diameter of the conductive 
particles 8 in the pressing step and bringing the tWo sub 
strates into contact With the conductive particles 8. In this 
case, the excessive adhesive agent 7 can ?oW into the gaps 
Where the bumps do not exist. 

In contrast, as in the tWo-dimensional image detector 
according to this embodiment, When the surfaces Where the 
tWo substrates are adhered to each other are substantially 
?at, there are no gaps into Which the excessive adhesive 
agent can ?oW. Thus, if the thickness of the applied adhesive 
agent 7 is much larger than the diameter of the conductive 
particles 8, the excessive adhesive agent 7 makes it dif?cult 
to reduce the clearance betWeen the tWo substrates in the 
pressing step. In order to prevent such a problem, the 
diameter of the conductive particle 8 contained in the 
anisotropic conductive adhesive agent 3 and the thickness of 
the applied adhesive agent 7 are in advance set to be 
substantially equal to each other. As a result, the amount of 
the excessive adhesive agent 7 can be minimiZed, thereby 
making it possible to achieve satisfactory anisotropic con 
ductivity. 

Strictly speaking, the thickness of the applied adhesive 
agent 7 is preferably set a little smaller than the diameter of 
the conductive particle 8, considering the amount of defor 
mation of the conductive particles 8 after the pressing step. 
In the present embodiment, it Was con?rmed that a satis 
factory result Would be obtained by using the conductive 
particles 8 having a diameter of 10 pm, and setting the 
thickness of the applied adhesive agent 7 Within a range 
from 9 to 10 pm. 

In the above adhering process, the heat treatment using 
the heat rollers is performed. Consequently, a large-scale 
hydraulic press device, etc. are not required even When 
adhering the active matrix substrate 1 and the opposing 
substrate 2 having large areas, thereby simplifying the 
adhering step and the devices used for adhesion. 

For example, if the anisotropic conductive adhesive agent 
3 to be used requires a pressure of 10 kgf/cm2, a press force 
as large as 20000 kgf is required for pressing the Whole 
surfaces of the tWo substrates having a siZe of about 40 
cm><50 cm against each other by the hydraulic press device. 
In order to obtain such a large press force, a large-scale press 
device is necessary. In contrast, When subsequently pressing 
the substrates of the same siZe by the heat rollers as 
described above, the substrates can be adhered to each other 
by the press force ranging from about 200 to 500 kgf, 
thereby simplifying the devices. 
When the substrates to be adhered have a relatively small 

area, they can be pressed by a general hydraulic press device 
and adhered to each other by thermocompression bonding. 
For example, When the substrates have a siZe of about 10 
cm><10 cm, since a press force of 1000 kgf is enough, a 
relatively small-scale press device can be used. In this case, 
a general thermal press device can be used. 
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When a large press force must be applied to large-area 

substrates, an autoclave device for pressing the substrates 
using high pressure can be utiliZed instead of the hydraulic 
press device. Since the autoclave device presses the sub 
strates using high pressure of gas (?uid), a uniform pressure 
can be obtained even When applied to the large-area 
substrates, and the heat treatment can be performed at the 
same time. 

Embodiment 2 

The active matrix substrate used in the tWo-dimensional 
image detector according to the present invention is not 
limited to the structure shoWn in FIG. 2, and an active matrix 
substrate having another structure can be used. FIG. 5 shoWs 
the structure of a tWo-dimensional image detector including 
an active matrix substrate 22 as another example of the 
structure of the active matrix substrate. The structure of the 
active matrix substrate 22 is similar to that of the active 
matrix substrate 1 shoWn in FIG. 2. Therefore, the members 
having the same function as those shoWn in FIG. 2 Will be 
designated by the same reference numbers, and their 
descriptions Will be omitted. 

Like the active matrix substrate 1 according to the ?rst 
embodiment, the active matrix substrate 22 includes a glass 
substrate 9 on Which XY matrix-form electrode Wiring 
formed by gate electrodes 10 and source electrodes 11, the 
charge storage capacitors 4, the TFTs 5, etc. are formed. 
The glass substrate 9 is a no-alkali glass substrate (for 

example, #7059 or #1737 manufactured by Corning Inc.) on 
Which the gate electrode 10 made of a metal ?lm of Ta, etc. 
is formed. The gate electrode 10 is obtained by depositing a 
?lm of Ta, etc. to have a thickness of about 3000 Aby sputter 
evaporation, and then patterning the ?lm to have a desired 
pattern. At the same time, a Cs electrode 12 of the charge 
storage capacitor 4 is formed. Next, an insulating ?lm 13 
made of SiNJC or SiOx is deposited to have a thickness of 
about 3500 A by the CVD method. The insulating ?lm 13 
functions as a gate insulating ?lm of the TFT 5 and as a 
dielectric layer betWeen the electrodes of the charge storage 
capacitor 4. Together With SiNx or SiOx, an anodic oxidation 
coating produced by anodic oxidation of the gate electrode 
10 and the Cs electrode 12 may be used for forming the 
insulating ?lm 13. 

Then, an a-Si ?lm (i layer) 14 functioning as a channel 
section of the TFT 5 and an a-Si ?lm (n+ layer) 15 for 
bringing the source electrode 11 and a drain electrode 23 (to 
be described later) into contact With each other are deposited 
by the CVD method to have thicknesses of about 1000 A and 
400 A, respectively, and then patterned to have desired 
patterns. Thereafter, the source electrode 11 and the drain 
electrode 23 made of metal ?lms of Ta orAl are formed. The 
source electrode 11 and the drain electrode 23 are obtained 
by depositing the metal ?lms to have a thickness of 3000 A 
by sputter evaporation, and patterning them to have desired 
patterns. 

Then, the almost entire surface of the active matrix 
substrate 22 is coated With an insulating protective ?lm 24 
having a thickness of about 3 pm. As the insulating protec 
tive ?lm 24, an organic insulating ?lm having 
photosensitivity, for example, an acrylic resin is used. The 
insulating protective ?lm 24 is then patterned by a photoli 
thography technique, and a throughhole 25 is formed at a 
speci?c location. Thereafter, a pixel electrode 26 made of a 
conductive ?lm such as Al, Ti, and ITO is deposited on the 
insulating protective ?lm 24 by sputter evaporation to have 
a thickness of about 2000 A, and patterned to have a desired 
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pattern. In this case, the pixel electrode 26 and the drain 
electrode 23 of the TFT 5 are electrically connected through 
the throughhole 25 provided in the insulating protective ?lm 
24. 

The tWo-dimensional image detector according to the 
present embodiment is completed in the same manner as in 
the ?rst embodiment. Namely, the active matrix substrate 22 
having the above structure is adhered to an opposing sub 
strate 2 including as a support substrate a semiconductor 
substrate 18 having photoconductivity With respect to 
X-rays With an anisotropic conductive material 3. This 
tWo-dimensional image detector operates on the same basic 
principle as that described in the ?rst embodiment, though 
the structures of the active matrix substrates are slightly 
different. 

As mentioned above, the tWo-dimensional image detector 
in accordance With the present embodiment includes the 
active matrix substrate 22 Whose surface is substantially 
entirely covered With the insulating protective ?lm 24 made 
of an organic insulating ?lm. Therefore, the insulating 
protective ?lm 24 makes the base substrate (the glass 
substrate 9 With the XY matrix-form electrode Wiring and 
the TFTs 5 formed thereon) ?at. In the structure according 
to the ?rst embodiment shoWn in FIG. 2, the surface of the 
active matrix substrate 1 has projections and depressions of 
about 1 pm because of the TFTs 5 and the XY matrix-form 
electrode Wiring. In contrast, in the structure according to 
the present embodiment, the surface of the base substrate is 
made ?at by the insulating protective ?lm 24 as shoWn in 
FIG. 5, thereby reducing the projections and the depressions 
on the surface of the active matrix substrate 22 to those of 
about 0.2 pm. 

Therefore, no in?uence of the substrate surface uneven 
ness is exerted When adhering the active matrix substrate 22 
and the opposing substrate 2. As a result, conductive par 
ticles 8 can be more surely brought into contact With the 
upper and loWer electrodes. 

Furthermore, in the structure according to the second 
embodiment, the pixel electrode 26 can be formed on the 
TFT 5 and the electrode Wiring in an overlapped manner, 
thereby securing a large margin in designing the pixel 
electrode 26. 

Embodiment 3 

The opposing substrate used in the tWo-dimensional 
image detector according to the present invention is not 
limited to the structure shoWn in FIG. 2, and an opposing 
substrate having another structure can be used. FIG. 6 shoWs 
the structure of a tWo-dimensional image detector including 
an opposing substrate 27 as another example of the structure 
of the opposing substrate. The structure of the opposing 
substrate 27 is similar to that of the opposing substrate 2 
shoWn in FIG. 2. Therefore, the members having the same 
function as those shoWn in FIG. 2 Will be designated by the 
same reference numbers, and their descriptions Will be 
omitted. 
As shoWn in FIG. 6, the opposing substrate 27 mainly 

includes a support substrate 28 and a semiconductor ?lm 
(semiconductor layer) 29 to be deposited on the support 
substrate 28. The support substrate 28 must be a substrate 
having X-ray permeability, made of glass, ceramic, silicon, 
etc. A glass substrate having excellent permeability With 
respect to both X-rays and visible light, and a thickness 
ranging from about 0.7 to 1.1 mm is used here. Most X-rays 
at 40 to 100 keV can permeate the support substrate 28 like 
this. 
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Next, a top electrode 19 is formed by a metal such as Ti 

and Ag on one surface of the semiconductor substrate 18, 
particularly on the almost entire surface. When this tWo 
dimensional image detector is used for detecting images by 
visible light, an ITO electrode Which is transparent With 
respect to visible light is used as the top electrode 19. 

Then, as a semiconductor ?lm 29 on the top electrode 19, 
a polycrystalline ?lm made of CdTe or CdZnTe is formed by 
the MOCVD method to have a thickness of about 0.5 mm. 
The MOCVD method is suitable for depositing the ?lm on 
a large-area substrate. Here, the ?lm deposition can be 
performed at a deposition temperature ranging from 400 to 
500° C. by using the raW materials: organic cadmiums 
(dimethyl cadmium [DMCd], etc.), organic telluriums 
(diethyl tellurium [DETe], diisopropyl tellurium [DiPTe], 
etc.), organic Zincs (diethyl Zinc [DEZn], diisopropyl Zinc 
[DiPZn], dimethyl Zinc [DMZn], etc.). 
On the top of the semiconductor ?lm 29, a charge 

blocking layer 20 as a thin insulating layer made of AlOx is 
formed on the almost entire surface thereof. Then, a con 
nection electrode 6 is formed by depositing a ?lm of a metal 
such as Ta and Al to have a thickness of about 2000 A, and 
patterning it to have a desired pattern. The connection 
electrode 6 is preferably formed at the position correspond 
ing to the pixel electrode 16 formed on the active matrix 
substrate 1. 
As in the ?rst embodiment, the tWo-dimensional image 

detector in accordance With the present embodiment is 
completed by adhering the opposing substrate 27 arranged 
as above to the active matrix substrate 1 With an anisotropic 
conductive adhesive agent 3. This tWo-dimensional image 
detector operates on the same basic principle as that 
described in the ?rst embodiment, though the structures of 
the opposing substrates are slightly different. Needless to 
say, it is also possible to arrange the opposing substrate 27 
to be adhered to the active matrix substrate 22 in the second 
embodiment. 
When the opposing substrate 27 having the above struc 

ture is used, since the semiconductor ?lm 29 With photo 
conductivity is formed on the support substrate 28, the 
physical strength can be increased compared With the oppos 
ing substrate 2 described in the ?rst embodiment. As a result, 
the opposing substrate 27 becomes less likely to crack When 
adhering the active matrix substrate 1 and the opposing 
substrate 27, thereby increasing the process margin. 
When the use of this tWo-dimensional image detector is 

limited to detecting images by X-rays, it is also possible to 
use a X-ray permeable metal substrate, and make it function 
as the support substrate 28 and the top electrode 19. 

Embodiment 4 

The opposing substrate used in the tWo-dimensional 
image detector according to the present invention is not 
limited to the structures shoWn in FIGS. 2 and 6, and an 
opposing substrate having another structure can be used. 
FIG. 7 shoWs the structure of a tWo-dimensional image 
detector including an opposing substrate 30 as another 
example of the structure of the opposing substrate. The 
structure of the opposing substrate 30 is similar to that of the 
opposing substrate 27 shoWn in FIG. 6. Therefore, the 
members having the same function as those shoWn in FIG. 
6 Will be designated by the same reference numbers and their 
descriptions Will be omitted. 
As shoWn in FIG. 7, the opposing substrate 30 has 

basically the same structure as the opposing substrate 27 
shoWn in the third embodiment, and further includes a 
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protrusion electrode 31 on a connection electrode 6. Namely, 
the protrusion electrode 31 is formed in correspondence With 
each of the plurality of pixel electrodes 16 on an active 
matrix substrate 1. 

Speci?cally, after forming the connection electrode 6, the 
protrusion electrode 31 is formed on the connection elec 
trode 6 by a metal such as Au, Cu, In, and solder, having a 
height ranging from a feW micrometers to several tens 
micrometers, by the plating method or the stud bumping 
method. Alternatively, these metals may be laminated to 
form the protrusion electrode 31. 

The protrusion electrode 31 may have other structures as 
beloW. Namely, the connection electrode 6 may be formed 
by the metals such as Au, Cu, In, and solder, having a height 
ranging from a feW micrometers to several tens micrometers, 
or formed by laminating these metals, and arranged to 
function as the protrusion electrode 31. Alternatively, the 
protrusion electrode 31 can be formed as folloWs. Projec 
tions and depressions ranging from a feW micrometers to 
several tens micrometers are formed at connection parts, i.e., 
locations Where the connection electrodes 6 are to be 
formed, of the front surface (the surface facing the active 
matrix substrate 1) of the semiconductor ?lm 29 made of 
CdTe, CdZnTe, etc. by photolithography or etching, and 
then the connection electrode 6 may be formed on the 
projection by the process shoWn in the third embodiment 
and arranged to function as the protrusion electrode 31. 
As in the ?rst embodiment, the tWo-dimensional image 

detector according to the present embodiment is completed 
by adhering the opposing substrate 30 including the protru 
sion electrode 31 arranged as above to the active matrix 
substrate 1 With an anisotropic conductive adhesive agent 3. 

In this tWo-dimensional image detector having the above 
structure, When adhering the active matrix substrate 1 and 
the opposing substrate 30 With the anisotropic conductive 
adhesive agent 3, the pressure is concentrated on the pro 
trusion electrode 31. Therefore, the pressure required in this 
adhesive connection can be reduced. In addition, since the 
excessive adhesive agent and small bubbles produced during 
the adhesive connection can escape into gaps (groove 
sections) betWeen the protrusion electrodes 31, an electrode 
connection With high yield and high reliability can be 
achieved. 

In this fourth embodiment, as the opposing substrate 30, 
for example, a structure in Which the protrusion electrodes 
31 are formed on the opposing substrate 27 shoWn in the 
third embodiment is illustrated. HoWever, other arrange 
ments of the opposing substrate 30 are acceptable. For 
example, a structure in Which the protrusion electrodes 31 
are formed on the opposing substrate 2 shoWn in the ?rst 
embodiment may be used. In addition, the protrusion elec 
trode 31 may be formed on the pixel electrode 16 of the 
active matrix substrate 1, and this arrangement can achieve 
the same effect as the above-mentioned example. 

In the ?rst to fourth embodiments, explanations are made 
mainly on the tWo-dimensional image detector for detecting 
images by X-rays (radiation). HoWever, When the semicon 
ductor (the semiconductor substrate 18 or the semiconductor 
?lm 29) to be used shoWs photoconductivity With respect to 
visible light and infrared light as Well as radiation such as 
X-rays, the tWo-dimensional image detector can be also used 
for detecting images by visible light and infrared light. In 
this case, as the top electrode 19 disposed on the light 
incident side of the semiconductor, a transparent electrode 
made of ITO, etc., Which visible light and infrared light can 
permeate, is used. Furthermore, it is preferable that the 
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thickness of the semiconductor is optimiZed in accordance 
With the absorption efficiency of visible light and infrared 
light. 

In the ?rst to fourth embodiments, the TFT 5 is used as the 
sWitching element for use in the active matrix substrate 1 (or 
the active matrix substrate 22). Other elements available 
here as the sWitching element are a tWo-terminal element 

such as a MIM (Metal-Insulator-Metal) and a varistor, and 
a sWitching element produced by combining diodes such as 
a diode ring and a back-to-back diode. 

The basic structure of the present invention is such that 
the active matrix substrate and the photoconductor layer are 
formed on different substrates and then adhered to each 
other. Therefore, in addition to the above-mentioned effects, 
the present invention produces such an effect that overall 
yield is improved compared With the structure Where the 
photoconductor layer is directly formed on the active matrix 
substrate. The reason for this is as folloWs. In the conven 
tional structure Where the photoconductor layer is directly 
laminated on the active matrix substrate, When a de?ciency 
exists in the photoconductor layer, the active matrix sub 
strate beloW the photoconductor layer is Wasted. In contrast, 
in the present invention, the active matrix substrate and the 
opposing substrate, having no de?ciencies, can be chosen 
and combined. 

Therefore, the present invention is not limited to the 
tWo-dimensional image detector using the above-mentioned 
photoconductor material and sensor structure, and can be 
applied to a tWo-dimensional image detector using another 
photoconductor material and sensor structure. For example, 
in the ?rst to fourth embodiments, polycrystal like CdTe and 
CdZnTe having excellent sensitivity to X-rays is used as the 
photoconductor layer, but other semiconductor materials 
such as a-Se and a-Si can be used as the photoconductor 
layer. In addition, the opposing substrate may be arranged to 
use a combination of a conversion layer (for example, CsI) 
for converting X-rays to visible light and a visible-light 
sensor. 

As described so far, the tWo-dimensional image detector 
of the present invention is based on a tWo-dimensional 
image detector including: 

a pixel array layer having electrode Wiring provided in a 
lattice-like arrangement; a plurality of sWitching elements 
provided in lattice points; and charge storage capacitors 
including pixel electrodes connected to the electrode Wiring 
through the sWitching elements; 

an electrode section formed so as to face almost entire 
surface of the pixel array layer; and 

a semiconductor layer having photoconductivity, formed 
betWeen the pixel array layer and the electrode section, and 
arranged to further include: 

an active matrix substrate having the pixel array layer; 
and 

an opposing substrate having the electrode section and the 
semiconductor layer, 

Wherein the active matrix substrate and the opposing 
substrate are disposed so that the pixel array layer of the 
active matrix substrate faces the semiconductor layer of the 
opposing substrate, and connected to each other With an 
anisotropic conductive material having conductivity in only 
a direction normal to a surface of the pixel array layer or the 
semiconductor layer, Where the pixel array layer faces the 
semiconductor layer. 

In addition, the semiconductor layer is preferably 
arranged to have sensitivity to radiation. 
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Furthermore, the semiconductor layer is preferably made 
of a compound semiconductor represented by CdTe or 
CdZnTe. 

Moreover, in the tWo-dimensional image detector, the 
anisotropic conductive material is preferably an anisotropic 
conductive adhesive agent produced by dispersing conduc 
tive particles in an insulating adhesive agent. 

Since the tWo-dimensional image detector is arranged so 
that the active matrix substrate including the pixel array 
layer is connected to the opposing substrate including the 
electrode section and the semiconductor layer With the 
anisotropic conductive material, the active matrix substrate 
and the opposing substrate can be produced individually. It 
is thus possible to use, for the semiconductor layer, the 
material Which could not be conventionally used because of 
the relation betWeen the ?lm deposition temperature of the 
semiconductor layer and the heat resistance of the sWitching 
element on the active matrix substrate. In addition, by 
arranging the semiconductor layer to have sensitivity to 
radiation, the tWo-dimensional image detector for detecting 
the radiation image can be realiZed. 

In particular, by using for the semiconductor layer the 
compound semiconductor like CdTe or CdZnTe having 
higher sensitivity (S/N ratio) to radiation such as X-rays than 
a-Se used conventionally, it is possible to improve the 
response of the tWo-dimensional image detector compared 
With the conventional one. 

In this case, the voltage applied to the electrode section 
can be set loWer than the conventional value. It is thus 
possible to omit the dielectric layer Which Were convention 
ally provided betWeen the semiconductor layer and the 
electrode section for protection from the high voltage. Since 
the conventional structure Where the dielectric layer is 
provided betWeen the semiconductor layer and the electrode 
section requires a sequence for removing the charges 
remaining in the dielectric layer every frame, only static 
images can be detected. HoWever, since the tWo 
dimensional image detector of the present invention can 
omit the dielectric layer, dynamic images can be detected as 
Well. 

In addition, the tWo substrates, i.e., the active matrix 
substrate and the opposing substrate are connected to each 
other With the anisotropic conductive material. Therefore, 
the pixels of the active matrix substrate are electrically 
insulated from each other, and the pixel electrodes on the 
active matrix substrate and the semiconductor layer of the 
opposing substrate can be electrically and physically con 
nected to each other Without causing crosstalk betWeen the 
adjacent pixels. 
As the anisotropic conductive material, the anisotropic 

conductive adhesive agent produced by dispersing the con 
ductive particles in the insulating adhesive agent can be 
used. When using the anisotropic conductive adhesive agent, 
for example, by ?lling the anisotropic conductive adhesive 
agent betWeen the upper and loWer substrates and pressing 
the substrates so as to adhere the tWo substrates, the tWo 
facing substrates can be brought into conduction by the 
conductive particles, and the adjacent electrodes can be 
insulated from each other. It is thus possible to obtain 
satisfactory anisotropic conduction characteristics. 

In addition, a paste-form adhesive agent can be used as 
the anisotropic conductive adhesive agent. This adhesive 
agent can be easily applied to even a large-area substrate by 
the screen printing method, etc. 
A ?lm-form adhesive agent can be also used as the 

anisotropic conductive adhesive agent. With the use of the 
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?lm-form adhesive agent having excellent uniformity in 
thickness as the anisotropic conductive adhesive agent, a 
uniform thickness of the adhesive agent can be easily 
realiZed even When adhering the large-area substrates. 

Furthermore, by using a thermosetting-type adhesive 
agent With excellent reliability in the heat resistance, the 
adhesive property, etc. as the anisotropic conductive adhe 
sive agent, a highly-reliable tWo-dimensional image detector 
can be realiZed. 

A thermoplastic-type adhesive agent can be also used as 
the anisotropic conductive adhesive agent. The use of the 
thermoplastic-type adhesive agent as the anisotropic con 
ductive adhesive agent produces the folloWing effect. 
Namely, When a de?ciency is found in either the active 
matrix substrate or the opposing substrate after the tWo 
substrates are adhered by performing the heat treatment, the 
substrates once adhered can be separated by softening the 
adhesive agent by performing the heat treatment again. In 
addition, reWorking can be easily performed. 

In addition, a photo-curing-type adhesive agent can be 
used as the anisotropic conductive adhesive agent. In this 
case, the pixel electrode is preferably a transparent elec 
trode. Since the photo-curing-type agent is used as the 
anisotropic conductive adhesive agent, no heat treatment is 
required When adhering the tWo substrates, i.e., the active 
matrix substrate and the opposing substrate. Therefore, 
When adhering the active matrix substrate and the opposing 
substrate having relatively large areas, even if the tWo 
substrates have different thermal expansion coef?cients, no 
heat treatment is necessary. Therefore, Warpage of the sub 
strates and separation of adhered surfaces are not caused by 
the difference in the degree of thermal expansion. 

In this case, When the pixel electrode is the transparent 
electrode, the photo-curing-type anisotropic conductive 
adhesive agent can be irradiated With light incident from the 
active matrix substrate side through the pixel electrode. 

It is preferred that a plurality of connection electrodes are 
formed on the surface of the semiconductor layer of the 
opposing substrate in correspondence With a plurality of 
pixel electrodes formed on the active matrix substrate. 

With this arrangement, the pixels of the semiconductor on 
the opposing substrate are electrically separated from each 
other by the plurality of connection electrodes in correspon 
dence With the plurality of pixel electrodes formed on the 
active matrix substrate. Therefore, the charges generated in 
the semiconductor by incidence of radiation and light beams 
are collected by only the connection electrode corresponding 
to the incidence location, and the charges do not move to the 
surrounding pixels. As a result, the electrical crosstalk is 
prevented. 

It is preferable that each pixel electrode has a smaller area 
than the connection electrode. By forming the connection 
electrode having a maximum siZe Within each pixel on the 
semiconductor layer side of the opposing substrate, the 
charges generated in the semiconductor by incidence of 
X-rays and light beams can be efficiently collected. At the 
same time, by forming the pixel electrode of the active 
matrix substrate side to have a smaller siZe than the con 
nection electrode, even if the active matrix substrate and the 
opposing substrate are not accurately aligned When adhering 
the tWo substrates, the electric crosstalk betWeen the adja 
cent pixels can be prevented. 

Aplurality of protrusion electrodes may be formed on the 
connection surface of at least one of the active matrix 
substrate and the opposing substrate in correspondence With 
a plurality of pixel electrodes formed on the active matrix 
substrate. 
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With this arrangement, When adhering the active matrix 
substrate and the opposing substrate With the anisotropic 
conductive material, the pressure is concentrated on the 
protrusion electrodes. Therefore, the pressure required to be 
applied in the adhesive connection of the tWo substrates can 
be reduced. In addition, the gap betWeen the protrusion 
electrodes can be secured as the space into Which the 
excessive adhesive agent or the bubbles produced in adher 
ing the substrates can escape. As a result, an electrode 
connection With high yield and high reliability can be 
achieved. 

Furthermore, by arranging the semiconductor layer hav 
ing photoconductivity function as the support substrate in 
the opposing substrate, a crystalline semiconductor substrate 
obtained by the Bridgeman method, the gradient freezing 
method, the travel heating method, etc. can be used as the 
semiconductor layer. 

The opposing substrate can be also arranged so that a 
substrate Which light and radiation to be detected can 
permeate is provided as the support substrate, and the 
semiconductor layer having photoconductivity is formed on 
the support substrate. Since the opposing substrate is 
arranged to include the substrate Which light and radiation to 
be detected can permeate as the support substrate, and the 
semiconductor layer With photoconductivity formed on the 
support substrate, the strength of the opposing substrate can 
be increased. 

MeanWhile, as described above, a process for manufac 
turing a tWo-dimensional image detector of the present 
invention is based on a process for manufacturing a tWo 
dimensional image detector including: 

a pixel array layer having electrode Wiring provided in a 
lattice-like arrangement; a plurality of sWitching elements 
provided in lattice points; and charge storage capacitors 
including pixel electrodes connected to the electrode Wiring 
through the sWitching elements; 

an electrode section formed so as to face almost entire 
surface of the pixel array layer; and 

a semiconductor layer having photoconductivity, formed 
betWeen the pixel array layer and the electrode section, and 
includes the steps of: 

(1) producing an active matrix substrate including the 
pixel array layer; 

(2) producing an opposing substrate including the elec 
trode section and the semiconductor layer; 

(3) connecting the active matrix substrate to the opposing 
substrate With an anisotropic conductive material hav 
ing conductivity in a direction normal to a surface of 
the pixel array layer or the semiconductor layer, Where 
the pixel array layer faces the semiconductor layer, so 
that the pixel array layer of the active matrix substrate 
faces the semiconductor layer of the opposing sub 
strate. 

In this manner, the active matrix substrate including the 
pixel array layer is produced in the ?rst step, and the 
opposing substrate including the electrode section and the 
semiconductor layer is produced in the second step. The 
individually produced substrates are then connected to each 
other With the anisotropic conductive material in the third 
step. Therefore, unlike the conventional process, it is unnec 
essary to neWly form the semiconductor layer on the sub 
strate Where the pixel array layer is already formed. As a 
result, the material Which could not be conventionally used, 
for example, the compound semiconductor like CdTe or 
CdZnTe can be used for the semiconductor layer. 

Since the above semiconductor material has higher sen 
sitivity (S/N ratio) to radiation such as X-rays than a-Se 
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Which Was conventionally used, When the compound semi 
conductor like CdTe or CdZnTe is used for the semicon 
ductor layer, the response of the tWo-dimensional image 
detector can be improved, and dynamic images can be 
detected as Well. 

In the third step, the anisotropic conductive adhesive 
agent including the conductive particles dispersed in the 
adhesive agent is used as the anisotropic conductive 
material, and after applying or transferring this anisotropic 
conductive adhesive agent to the surface of at least one of 
the active matrix substrate and the opposing substrate, the 
tWo substrates are adhered to each other. 

In this manner, the anisotropic conductive adhesive agent 
is used as the anisotropic conductive material, and the active 
matrix substrate and the opposing substrate are adhered With 
the anisotropic conductive adhesive agent. Consequently, 
even When adhering the active matrix substrate and the 
opposing substrate having the large areas, the anisotropic 
conductive adhesive agent can be easily applied or 
transferred, and thus the tWo substrates can be easily adhered 
to each other. 
The anisotropic conductive adhesive agent is applied or 

transferred to have a thickness substantially equal to the 
diameter of the conductive particle. Therefore, even When 
adhering substantially-?at surfaces of the substrates, it is 
possible to minimiZe the How of the excessive adhesive 
agent and to obtain satisfactory anisotropic conductivity. 

In the third step, the thermosetting-type anisotropic con 
ductive adhesive agent or the thermoplastic-type anisotropic 
conductive adhesive agent is used as the anisotropic con 
ductive adhesive agent, and the active matrix substrate and 
the opposing substrate are adhered to each other by passing 
them betWeen the heat rollers. 

Therefore, even When adhering the active matrix substrate 
and the opposing substrate having the large areas, the press 
force is not required to be applied to the entire surface of the 
substrate. Thus, the large-scale hydraulic press device, etc. 
are not required, and a relatively small-scale press device 
can be used. As a result, the step of adhering the tWo 
substrates and the devices used in the adhering step can be 
simpli?ed. 

In the third step, the thermosetting-type anisotropic con 
ductive adhesive agent or the thermoplastic-type anisotropic 
conductive adhesive agent can be used as the anisotropic 
conductive adhesive agent, and the active matrix substrate 
and the opposing substrate can be adhered to each other by 
thermocompression bonding using the press device. 

Since the tWo substrates can be adhered to each other by 
thermocompression bonding using the press device, a gen 
eral thermal press device can be used in the step of adhering 
the substrates. 

In addition, the press device can be replaced by the 
autoclave device. Therefore, even When adhering the active 
matrix substrate and the opposing substrate having the large 
areas, a uniform pressure can be obtained. 

In the third step, the photo-curing-type anisotropic con 
ductive adhesive agent can be used as the anisotropic 
conductive adhesive agent, and the active matrix substrate 
and the opposing substrate can be brought into contact With 
and then adhered to each other by irradiation of light from 
the active matrix substrate. 

Therefore, for example, by forming the pixel electrode of 
the active matrix substrate by the transparent electrode, and 
irradiating the adhesive agent With light from the active 
matrix substrate side, the active matrix substrate and the 
opposing substrate can be adhered to each other Without 
requiring heat treatment. As a result, When adhering the 








